Repeated use of implant drills progressively increases their wear and decreases their efficiency, thus producing more frictional heat. Multiple factors have been linked to heat production during surgery including drill sharpness. The purpose of this research is to focus on the heat generated by an implant drill and how the wear factor and the material of the drill effect the heat generated by that drill when drilling through bone.
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The influence of heat production relative to drill wear during osteotomy preparation by different Implant Drill Systems: A comparison study between ceramic and conventional Implant Drill Systems

A. Background
Current dental implant technologies and materials continue to develop at a rapid pace. Dental implants have become established as the procedure of choice when patients are faced with the decision to replace single or multiple teeth. Most restorative and reconstructive dentists can suggest a variety of treatment plans and technologies for replacing any number of teeth. In terms of obtaining optimal restoration of aesthetic appearances and dental function (occlusion, mastication, speaking, etc), implants tend to be unsurpassed. The success rate of implants is in the high ninety percent range. However, occasionally they do fail. Failure due to the surgical technique at time of placement has been attributed to one of the following:
• Overheating the bone while drilling.
• Too much force when they are placed.
• Not enough force when they are placed.
• Contaminated implant.
• Contaminated osteotomy.
• Poor quality of bone.
• Excessive forces during healing.
The goal of this research is to focus on the heat generated by an implant drill and how the wear factor of the drill effects the heat generated by that drill when drilling through bone. Understanding this factor can help the surgeon in the selection and usage time of specific drills.
B. Statement of the problem
Does the age and number of uses (wear) after repeated sterilization impact the amount of heat produced by different implant drill systems during surgical site preparation? Do implant drills made of different materials respond to wear differently?
C. Significance of the study
The data gathered will show that at the surgical site, the surgeon would be advised to take additional precaution to minimize the chance that necrosis-induced temperatures are generated upon preparation. More careful attention paid to the different implant drill systems and their number of uses at a surgical site could result in fewer implants failures resulting from an osteonecrosis related event. Fewer implants failures as a whole would reduce the overall cost of the implants for both the practitioner and the patient.
D. Hypothesis
The increase number of drill uses will result in an increase heat generated by that drill. Different implant drills made of different materials will react differently.
E. Definition of terms
Bone atrophy: bone resorption noted internally by a decrease in density and externally by an alteration in form.
Bone factor: relative response of alveolar bone to stimulate or irritation. The ratio of osteogenesis to ostelysis.
Cortical Bone: the peripheral layer of compact osseous tissue.
Corrosion: the loss of elements constituents to the adjacent environment. Implant: any object or material, such as an alloplastic substance or other tissue, which is partially or completely inserted or grafted into the body for therapeutic, diagnostic, prosthetic, or experimental purposes.
Implant prosthodontics: the phase of prosthodontics concerning the replacement of missing teeth and/or associated structures by restoration that are attached to dental implants. Implant substructure: the metal framework of an eposteal dental implant that is embedded beneath the soft tissue, in contact with the bone, and stabilized by means of endosteal screw. The periosteal tissue retain the framework to the bone. The framework support the prosthesis, frequently by means of dental implant abutments and other superstructure component.
Implant surgery: the phase of implant dentistry concerning the selection, planning, and placement of the implant body and abutmen. Implantology: the study or science of placing and restoring dental implants.
Thermonecrosis: localized death of living tissue by heat.
Osteonecrosis: Bone death resulting from poor blood supply to an area of bone. Also known as aseptic necrosis or a vascular necrosis.
Osteointegration: the apparent direct attachments or connection of osseous tissue to an inert, alloplastic material without intervening connective tissue.
Osteitis: Inflammation of bone.
Osteotomy: the surgical cutting of a bone; frequently used to also describe smoothing, leveling, or altering eternal contours of the bone.
Peri-implantitis: inflammation around dental implant.
Surgical template:
A guide used to assist in proper surgical placement and angulations of dental implants.
F. Assumption
The repeated use and sterilization of the same implant drill will increase the heat generated by that drill with continued use. Dull drills will result in an increase in heat generated compared to new drill.
G. Limitations
Heat plays an important role in the success of osseointogration of implants. This study will answer new questions of how the age and over use of implant drills at implant site relates to the amount of heat generated by the implant drills during site preparation and how stainless steel and ceramic implant drills compare when evaluating wear and heat produced.
To measure the accurate heat produced at the preparation site . A thermocouple probe was inserted into a prepared receptor site in the bone and temperature recorded. A constant dis-tance between the thermocouple canal and the osteotomy site preparation of 0.5 mm was kept constant.
H. Delimitations
-A weight of 2.4Kg was delivered an even amount of force to the handpiece for each trial.
-All preparation preformed by the same clinician.
-Implant drill was activated at speed of 1500 rpms for drilling through the bone.
-Bovine back rib with the same densities was used.
-Depth of the osteotomy was 10mm for all trials.
-External Irrigation was used in all bone to be drilled.
-Drills were sterilized as the manufacture recommended after each use -0.5 mm distance between thermocouple and osteotomy site.
Chapter II: Literature Review
Successful preparation of an implant site with minimal damage to the bone depends on the temperature generated during surgical drilling. The heat generated at the time of surgery will always cause some degree of necrosis. Thermonecrosis will result as temperature raises. Branemark demonstrated in 1970 that if the temperature of the bone at the osteotomy site was allowed to rise above 47°C for more than one minute, bone necrosis would result and the implant would fail to osteointegrate. Studies in the past have looked at many factors in the production of heat during osteotomy preparation including drill speed, cortical thickness, drill sharpness, drill force and drill depth.
"It is critical for the success of endosseous root-form implants that minimal heat is generated in the bone during the drilling of the implant sites. One aspect that has received little em-phasis in the literature is the effect of the load placed on the drill during preparation of osteotomies. Temperatures and time were measured while drilling bovine cortical bone at speeds of 1,800 and 2,400 rpm and loads of 1.2 and 2.4 kg. Drilling at a low speed of 1,800 rpm and at a minimal load of 1.2 kg produced the same heat as when the drill speed was increased to 2,400 rpm and the load was increased to 2.4 kg. Independently increasing either the speed or the load caused an increase in temperature in bone. However, increasing both the speed and the load together allowed for more efficient cutting with no significant increase in temperature." (Brisman 1996) According to Harris (2001) in his study, osseous integration of dental implants depends on the use of proper surgical technique during site preparation, including the prevention of thermal injury to the surrounding bone. Heat generation during drilling has been reported to positively correlate with the production of forces at the surgical site. In his study, peak torque and axial load levels were measured during a drilling procedure into a polymeric material simulating the human mandible. Axial rotary milling was performed using 5 different twist drill designs (3i Irrigated Tri-Spade, 3i Disposable, Nobel-Biocare, Straumann, and Lifecore) of 15 to 20 mm in length and 2 to 2.3 mm in diameter, at a free-running rotational speed of 1,500 rpm and continuous feed rate of 3.5 mm/second, to a total depth of 10.5 mm. Ten drills representing each of the 5 types (n = 50) were subjected to 30 individual drill "pecks" and heat-sterilized every 3 "pecks" to determine the effects of cyclic mechanical and thermal loading on drill performance.
Normal stress and shear stress were calculated from the kinetic data and drill geometries. A drill efficiency coefficient(μ) was also calculated as the ratio of torsional resistance to translational resistance. Overall, the hypotheses of drill performance dependency on drill type as well as mechanical and thermal accumulated loading were tested and confirmed (P < .05). He concluded that the 5 drill types produced a range of normal stresses (2.54 to 5.00 MPa), shear stresses ( showed temperature increased with multiple uses. System A and C drills had temperature measurements that were below 47°C, even after 25 uses. System B drills had temperatures that exceeded 47°C from the initial use. Light microscopy showed little drill wear even after 25 uses.
Drill geometry plays a major role in heat production and may explain the increased temperature readings seen in system B. These drills lack relief angles and have the smallest clearance angles of the 3 systems. It also has fewer drills in its drilling sequence compared with systems A and C.
In conclusion, this study shows that temperatures increase when drills are used multiple times.
Systems A and C had acceptable temperature measurements out to 25 uses. System B drills showed significantly higher heat production with little visual signs of wear.
Cordinli and Majzoub (1997) in their study looked at thermal changes elicited during drilling in site preparation for screw-shaped and cylindrical implants. Heat was measured in vitro in blocks of bovine cortical femur bone. Heat-sensitive thermocouples were placed in the bone specimens at 4-and 8-mm depths and at a constant distance from the periphery of the drilling site; this distance was preset for each type of bur used. Rotary cutting was performed with 10mm-long twist drills (2-and 3-mm diameter) and triflute drills (3.3-and 4-mm diameter) running at 1,500 rpm with external irrigation. A special guide drill was used to ensure unidirectional continuous drilling with a load of 2,000 g. In addition, the effect of irrigation was evaluated during tapping procedures with 10-mm-long taps used at 20 rpm. The greatest temperature increase was observed with the 2-mm twist drill at both 4-and 8-mm depths. Significantly greater temperature increase was noted at the 8-mm depth versus the 4-mm depth with the twist drills. Such significant difference between temperature rises at the two different drilling depths was not observed with the triflute burs. The time interval required for the maximum temperature reached during rotary cutting to return to baseline values was two times longer for the 2-mm twist drill than for the 3.3-mm triflute bur at both drilling depths. They did not find any significant differences between the maximum temperatures generated when tapping was performed with and without irrigation at both 4-and 8-mm depths. They concluded that the geometry of triflute burs combines cutting efficacy with greater heat dissipation capabilities than twist drills at the drilling depths of 4 and 8 mm used in their study.
Surgical implant failure is usually detected at or before the second stage surgery. Bone trauma from heat is considered an important cause of this. It has reported that heat production leading to the temperature being raised above 47°C for more than 1 min negatively effects living bone. "Drill design, material, and mechanical properties significantly affect cutting efficiency and durability. Coolant availability, drill speed and usage were the predominant factors in determining bone temperatures. Implant drills can be used several times without resulting in bone temperatures that are potentially harmful. Continuous drilling in deep osteotomies can produce local temperatures that might be harmful to the bone" (Ercoli and Funkenbusch 2004) .
In a study by Abouzgia and James (1995) Temperature was measured during drilling in bovine cortical bone specimens. A surgical drill fitted with a custom-designed speedometer and mounted on a drill press was used to drill holes at one speed, 49,000 rpm, and at forces in the range of 1.5 to 9.0 N. The resulting temperatures were recorded by thermocouples placed at various locations. The distribution of maximum local temperature rise (delta T) was best determined by the function delta T = aR-b, where R is the distance from the center of the drilled hole and a and b are constants that were found by regression analysis. It was also found that the temperature increased with force, up to about 4.0 N, and then decreased at forces greater than that because of decreased drilling time. A separate series of tests revealed that temperatures were higher in the longitudinal direction than in the circumferential direction; this difference was attributed to the anisotropic thermal properties of bone.
A study attempt to determine the optimum condition for drilling human cortical bone with a standard twist drill was conducted by orthopedic surgeons Matthews and Hirsch (1972) .
They stated that temperature measurements have been made in cortical bone while drilling under controlled laboratory conditions. Cortical temperatures greater than 100 degrees centigrade were frequently recorded when drilling if no specific provisions for cooling were made. The force applied to the drill was found to be much more important than drilling speed as a factor in both the magnitude and duration of cortical temperature elevations. Increases in the force applied to the drill were associated with decreases in the maximum temperatures and the durations of temperature elevation. A very important finding was that worn drills caused much greater temperature changes than new drills. All forms of irrigation that allowed the stream of irrigating fluid to be directed to the point of penetration of the cortex were effective in limiting the increases in cortical temperature. Tapping did
We know now that forces on drills can increase temperature on bone and cause necrosis.
Also, multiple uses of the same drill can raise drilling temperature. It's very important to understand the wear factor and that a sharp drill can be very helpful in reducing the heat. Richart (2000) looked at this factor in his study. He agrees with Matthews and Hirsch that multiple use of dental drills is known to raise drilling temperatures. Therefore, to minimize surgical trauma, well sharpened drills are recommended. In order for him to evaluate surgical trauma due to multiple use, 20 Timedur cannon drills (ZL-Duraplant-Implant-System) were used 51 times in an in vitro experimental setting using pigs' mandibles. Preparations of implant sites were performed with cannon drills at a maximum rotational speed of 1200 r.p.m. with low pressure and water irrigation. Drills were divided randomly into 3 groups and were treated differently after each preparation: 10 cannon drills were cleaned only with distilled water (group 1), 5 cannon drills were disinfected with Secudrill and autoclaved (group 2) and 5 cannon drills were cleaned with Instrument Detergent MIS 027 and autoclaved (group 3). Temperature measurements were performed with a NiCrNi thermocouple placed 0.5 mm from the drilling site. The width of the cutting edge of the cannon drills was repeatedly examined by scanning electron microscope (SEM).
His results revealed that temperatures measured at all times were below the bone injuring level.
Drills reused more than 40 times stood out with an increased number of higher temperatures. Only autoclaved drills showed an increased width of the cutting edges. not appear to cause significant temperature elevations.
Types and variation in irrigation has been studied by only a few investigators. Komatsu and Yoshiaki (1992) did a studied the distribution of heat to bones and the maximum temperature that developed when cutting bone with drills. Generation of heat that spread in the presence or absence of irrigation when drilling with IMZ, Branemark, and ITI implant (F type) drills was observed in the pig rib via thermography. Without irrigation, the condition of heat spread in each drill and bur differed according to bur shape and drilling site. They found that maximum heat temperature without irrigation was higher than that with irrigation for any IMZ, ITI, and Branemark drill.
Drill wear plays an important role in generating heat during a surgery, the increase number of drill uses will cause the temperature to raise. A study conducted by Scarano, Carinici, Quaranta, Assenza and Piattelli (2007) Spear point and twist drills were associated with significantly lower operating pressures and shorter operating times than round and fissure burs. They stated that the differences were much less than the interoperator variations. Lavelle and Wedgwood (1980) looked at the same factor as Kotmatsu and Yoshiaki.
They concluded that frictional heat generated during bone drilling was reduced by internal irrigation compared with external or no irrigation. This was based on an in vitro study using two bur designs at low rotational speeds to prepare experimental cavities to varying depths. Watanabe, Tawada, Komatsu and Hata agree with both previous studies and concluded that maximum heat temperature without irrigation was higher than that with irrigation for any drill. Okada and Watanabee investigated the repeated use of IMZ implant drill system to know the service life of IMZ drills. Repeated drilling tests were done for spiral and cannon drills using pig thighbone under 450gf static load. As a result, the following conclusions were obtained. 1. On the spiral drill,  Save data to disk and transmit data to spreadsheets and databases.
Chapter III: Materials and Methods
A. Equipment
 Automatically re-arm the trigger function and save data in new files as needed.
 Configure the counter/timer into one of three modes for measuring frequency, totalizing, or generating pulse trains.
 Display digital I/O
A very important and time consuming part of the research is setting up the experiment.
For future research opportunity, a detailed description of the hard and software setup is described below. The first step is to install the DaqView software. After the installation complete connect the hardware and follow the screen instruction to complete installation.
Open the DaqView software ( Figure 1 ). ii. Channel setup:
The Channel Setup window displays the analog and scanned digital input channels and allows you to configure them. Each row shows a single channel and its configuration (Figure2).
The number of rows may vary, but each row has seven columns. Some columns allow blocks of cells to be altered at the same time (clicking a column header can select the entire column). Other columns allow only a single cell to change For the purpose of this research the channel setup choosen are summarized below.
Figure 2. Channel setup tab
Source: DaqView and ViewXL IOtech User's Guide.
CH
The channel number (cannot be changed from this window). This number includes the main channel number and the expansion board number and channel.
On
This column allows you to select whether data will be collected from that channel. When a cell or block of cells in this column is selected, a selection box will appear that allows "Yes" to enable or "No" to disable the channel. Double-clicking a cell in this column will toggle the channel status. The Edit menu allows you to Make All Channels Active or Make All Channels Inactive.
Type
This column allows you to set the gain or input type for each channel. The gains and types will vary among the option cards. A block of cells in this column can be selected for multiple channels with the same type of option card. Double-clicking a cell will select the next available gain or type. J type was chosen to corresponds with Thermocouple type used for this research.
Polarity
Using Daqveiw 3000 series, this column is pre set in the Hardware Setup window. For selected cells that can be changed, a selection box will display "Unipolar" or "Bipolar". Doubleclicking in a cell will toggle the polarity. If the hardware cannot program the polarity, no selection box will be displayed.
Label
This column contains a descriptive name for the input channel. The default label is the channel number. The channel # chosen was 01
Units
When a Units-cell [or block of cells] is highlighted, unit options can be selected from a pull-down box:
o Temperature: °C was chosen for this research.
Reading
This column displays the device's analog or scanned digital input readings. This column cannot be altered by the user and is enabled by selecting Enable Input Reading Column under the Data menu or by selecting "Start/Stop All Indicators" under the window menu. This column will update the readings as fast as the computer will allow. The spreadsheet cannot be altered while the input reading column is enabled.
iii. Acquisition Setup:
Selecting the second tab of the main window displays the Acquisition Setup window. As showing in figure 3 , the four main parts of this window include setup parameters for triggering and configuring the scan. These settings will be used when an acquisition to disk is started by selecting "Acquire" (last item on the toolbar). When the trigger is satisfied, the scans are collected at the selected scan frequency and stored to disk in the designated file. The data acquisition was set as a manual trigger for this research. It was asked to be stop scanning after 15 scans. 1 scan per second for a total of 15 scan for the each osteotomy preparation.
Clock source was internal recording and scan rate was 1 scan per second.
iv. Data Destination:
Selecting the third tab of the main window displays the Data Destination window( Figure   4 ). The two parts of this window let you designate the directory for acquired data and the desired file formats. Acquired data saved the file name (any data file name selected by the operator). This file name always ends with "bin" extension. The designated file was saved to computer hard drive by the browse button. With the enable Auto re-arm box checked. I can specify when the file conversions are preformed and the sequence range of incrementing file name. The file conversion preference was set to select the format to be saved as ASCII text.
v. Hardware setup:
Open up the configure system hard ware and choose the for the A/D signal Reference to be differential not a single end. For the 300 series and the j thermocouple the differential A/D signal reference work accurately for the purpose of this research ( Figure 5 ) 
vi. Scanning Electron Microscopy (SEM):
It is the hypothesis of the investigators that implant drilling systems will generate more heat as the drill becomes worn through multiple uses. To aid in the detection of the wear of the drilling systems, Scanning Electron Microscope (SEM) images of the drilling systems are used to compare the image of a new, unused drilling system and that of a drilling system used 25 times.
This was completed, with the aid of Liviu Magean and Adrienne McGraw of the West Virginia
University Chemical Engineering Department, using a Hitachi S-4700 SEM. As stated, the sample must have a conductive surface or the electron beam will pass through the sample and generate an electron cloud. If this occurs, the image produced will be that of the top side of the SEM chamber not that of the sample. The ceramic drilling system requires a coating to produce a conductive layer. The coating placed was that of a Gold-Palladium mixture for 20 seconds resulting in a layer roughly 60-90 Angstroms. It is key to produce a thin layer so that the electron beam will interact with the sample and not a thick conductive coating. The Hitachi S-4700 will magnify images up to 250,000x, however, for the purpose of the study a magnification of 500x was used.
SEM Principles
Scanning Process:
Each drilling sample was placed on the sample stage using a gloved hand and cotton pickups. The samples were adhered to the sample stage with double sided carbon tape. Nonconductive samples were then taken to the coating apparatus and placed under a vacuum and flushed with Argon to get to a specific pressure for each coating. For this experiment, the coating used was Gold-Palladium that required an Argon flush to the pressure of 80 millitorr. The coating was applied for 20 seconds, resulting in a thin coating layer of approximately 60-90 Angstroms. Once coating was completed for the non-conductive samples, the sample on the sample stage was taken to the SEM and placed into the chamber. The conductive samples were taken to the SEM immediately after placement on the sample stage. Once a sample was placed into the SEM chamber, the sample was moved into position of the upper and lower detectors to obtain the desired images of the drilling tip and shaft at magnifications of 20X, 200X, and 500X.
Images were analyzed on the computer screen for quality and then were saved onto an external hard drive. Vacuum pressure within the chamber was then released, followed by opening of the chamber door. The sample on the sample stage was removed from the SEM chamber. The sample was then removed from the sample stage and placed back into its respective container. The samples containing the Gold-Palladium coating were then taken and placed into a methanol ultrasonic bath to remove the Gold-Palladium coating. This process was repeated once the drilling systems were used on the bovine bone.
vii. Preparation methodology:
Two implant drill systems were evaluated in vitro using bovine back rib bone. The choice of this type of bone was based on the finding of Eriksson and Adell (1986) , who found that the density and the relationship between cortical and cancellous bone are similar in bovine ribs and human mandibular bone. Transverse sections of 12mm long were obtained and stored at -20 C.
To minimize changes in their mechanical and thermophysical properties, the specimens were kept frozen in saline at -20 until their use within 3 to 4 week. This procedure was based on the finding of Seldin and Hirich(1966), who found no significant changes in bone's physical properties when it was frozen up to 4 weeks. The bovine bone was defrosted to room temperature before use. Using a pre measured template one canal 10mm long was drilled for the thermocouple using a round bur. Two marks using a sharp pencil were made next to the thermocouple canal and 0.5 mm away from the largest final size drill at each side. One of these marks be used for the stainless steel drill and the second mark used for the ceramic drill (Figure 7) . The template was taken off. The distance was confirmed using CMT digital caliper model 30006. Thermocouple Sterilization was done with 5 minutes kill time cycle and 35 minutes dry cycle. Using the initial mark 0.5 mm from the thermocouple system A was used (Zimmar Dental). Sequential drilling was preformed and maximum temperatures were recorded for all the three drills used for the first system. System A started with 2.3, 2.8 and 3.4 mmD. Speed of 1500 Rpm and external irrigation 40ml/sec were used. As the hand piece speed of 1500 Rpm was achieved the preparation preformed at the osteotomy site. Maintaining a constant weight of 2.4 kg applied to the hand piece while drilling. A constant weight was assured by using the digital weight scale. Keeping the pressure and load apply to 2.4 kg during the whole osteotomy preparation. After each trial the drills were sterilized and the preparation repeated twenty five times for each system as manufactured recommended as the age of the multiuse drill. The same methods previously described were followed for system B. The maximum temperatures were recorded for twenty five preparations with sterilization after each use. All the ostetomies were performed by the same clinician to simulate a real clinical setting situation. After twenty five times of usage. A total of fifty osteotomies. Both implant drills system were Scanned using Scanning Electron Microscopy for final analysis. 
Chapter IV: Result and Discussion
Result:
The present study provides information on the performance of multiuse drill type during repeated usage and sterilization. The number of drill uses result in an increase heat generated by that drill. Drill function is dependent on the drill sharpness and material. Different drills made by different companies react differently. Repeated drilling and sterilization did alter the cutting ability of all drill types and the amount of heat produced by that drill.
Manufacturer's recommendations are 25 uses for each drill. 25 trials were completed for each drilling system for a total of 50 trials. Sequential drilling was used for both systems. System (A) drill sizes were 2.3, 2.8 and 3.4mmD. System (B) drill sizes were used 2.0, 2.8 and 3.5mmD. Initial bovine base temperature was 24°C. Three readings were taken for each trial osteotomy and each drilling system. The maximum temperature was recorded for each drill and for both systems. Each trial's readings were then averaged and graphed. The graph below shows an upward trend for each drilling system ( figure 8 and 9 ), indicating an increase in heat production with repeated use of drills. Stainless drill system values ranged from 25.03-31.13°C. Ceramic drill system values ranged from 25.0-31.2°C (Tabel 1). No significant different were found between the two systems. Stainless steel and ceramic drills responded similarly to wear and both generated more heat as the drills wear used (figure 8). The maximum temperature for system (A) was 31.3 °C and 31.2 °C for system (B). It must be taken into consideration that the beginning temperature of the bovine bone began lower than that of normal body temperature. With a 7 °C increase for beginning temperatures (body temperature) in vivo, increase of this magnitude should remain below the limit of 47°C, the accepted limit to prevent osteonecrosis. Results indicate there was no significant difference in temperature generated between each drilling system. Furthermore each drilling system increases heat production with increased usage and wear. ing on the various drill sizes and number of drills in the implant drill system. Figure 9 and 10 shows the effect of wear on the 2 implant drill systems were used. The ceramic drills demonstrated chipping of the cutting edge while stainless steel showed roughened edges. System A and B have 3 cutting drills in its sequence; system A is a stainless steel drills. System B is ceramic drills. Comparing SEM for both systems in this study explained the increase in temperature with increase of number of uses. The findings in this study support the finding By Albertson (1984) that as the number of uses increase the temperature increase too. There is a very strong suggestion that drill sharpness affects heat generation. This study demonstrated that with increased use, implant drills tend to generate more heat. Systems A and System B appear to stay within the accepted temperature parameters, at least up to 25 uses. System B showed slightly more wear than system A. However, both systems are safe to be used up to 25 times. More research is needed to firmly establish a link between drill design and increased temperatures The study showed no significant differences between the two systems in wear and heat generated. Both systems A and B showed an increase in temperature as the drills were used. It was also found that significant wear occurred to both systems after twenty five usages. The maximum temperature for system A was 31.3°C and for system B was 31.2°C. SEMs taking before and after the trials showed significant wear to both systems. Chips and cracking at the drill edges were observed.
The implant multiuse drills used in this study appear to be safe for use up to 25 times without resulting in bone temperatures that are harmful.
Conclusion:
Wear and decrease in drill sharpness plays a major role in heat production and result in the increase of temperature readings seen in both systems. Drill sharpness and mechanical property significantly affect cutting efficiency and durability. After multiple uses and sterilization of each drilling system, the temperature within the bone increased with each trial. Both drilling systems generated more heat as a result of friction between the drilling systems and the bone due to the dulling of the drills. From a heat generation stand point, no different between stainless steel and ceramic drills were found. The SEM photographs taken before and after the experiment show significant wear to the drilling systems as a result of repeated osteotomies. It can be suggested that failure to follow the manufacturer's limits on usage of each drilling system will result in an increase in temperature of the bone as the drills wear with an increased the risk of osteonecrosis.
